Regarding multiple spacecraft formation satellite has a relative trajectory which projects onto the local horizon of the uncontrolled satellite as a circle. This formation has potential uses for distributed remote sensing systems. flame of reference fixed to the leader satellite.
Wong.
Dynamical Representations
Let x represent the direction opposite the leader's orbital velocity (along-track); y, the direction from the Earth's center out to the leader's position (radial); and z, the direction parallel to the constant angular momentum of the leader's orbit (cross-track) (see Figure  1 ). Then the relative frame transformation of the Keplerian dynamics is given by 3_= 209y+r-O2x[1-g(x,y,z, Gt,,)]+ F,
= -2o9x + o9Z(y + r,,m,)[l _ g(x,y,z,rorbi,)]+ 1,_ (2) = -o92z g(x,y,z,r,,,.j,,,) 
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It is often noted that this linearization allows the dynamics parallel to the orbital plane (x-and y-axes)
to be decoupled from the dynamics perpendicular to that plane (z-axis). Since the so-called out-of-plane dynamical equations represent simple harmonic motion, and since the in-plane dynamics are bounded inputbounded output (BIBO) unstable, the out-of-plane dynamics are frequently set aside so that full attention may be given to the in-plane control problem.
In this research the out-of-plane dynamics were included.
One useful state-space representation of Eqs. 5-7 is:
where the state and control vectors are
and the state and control matrices are The relative-frame parameterization of projected circular motion is given by:
where the phase angle is defined by
and rcim, in this case corresponds to the radius of the projected circle and 0o is the phase angle at time t = 0.
Note that 0 is the angular displacement of the satellite's position relative to the leader, projected onto the x-z plane. This phase angle will become a useful descriptor of formation geometry in the exposition that follows this section. As would be expected from a linear system, the state and control trajectories resulting from these different initial radii were geometrically similar. That is, if the state and control trajectories were normalized in their length by the initial formation radius, then the trajectories were identical for all initial radii simulated using the same initial phase angle. Since this similarity rule was confirmed for many combinations of radius and phase angle, it was concluded that the simulation of a single maneuver with a given initial phase angle, 00, sufficed to characterize the linear behavior for all maneuvers with the same 00. Because of the similarity, all results obtained have been condensed by presenting here only simulation results for a maneuver with an initial formation radius of 1.5x10 -5 orbital radii; these results should be recognized as being applicable to a range from 10-6-10 -4 orbital radii.
For Fuel consumption, represented by the performance factor mr,_, showed a similar dependence on 0 o to that of u,,,,._; i.e., having radial inputs available caused the fuel consumption of the optimal control trajectory to be less dependent on 0o ( Figure  5 ).
However, the comparison of values in the case of mf,¢t is more favorable to the controller without radial inputs than was the comparison for u ....... The controller with radial inputs requires somewhat larger m/,_¢ near 00 = 90°than for other initial phase angles, and increasing 0o beyond 30°reduces the value of m_,_ consumed by the controllers without radial inputs. Figure  6 illustrates the optimal trajectory (projected onto the x-z plane) taken by a controller without radial inputs, with 0o = 90°and p = 4. Figure 7 shows the same maneuver with the same control weight p = 4, but performed through the additional use of radial inputs. At 00 = 90°, the xposition variable is zero, the y-and z-position variables are at their maximum magnitudes, and the relative velocity is directed in the positive x-direction (i.e. the follower is slower than the leader in the inertial frame).
Discussion
Since the leader is in a circular trajectory, it can be said that the follower at 0 o = 90°is at apoapse in its slightly elliptical orbit, since the altitude is at a maximum and the orbital velocity is at a minimum.
Between the two trajectories shown in Figures   6 and 7 there is no great variation. The chief difference between the two trajectories is something that proves true in most such comparisons made in this study: The use of radial inputs allows the follower to move more directly to the origin. In fact, the spacecraft without radial thrust can be seen to move initially further from the origin. This movement is the result of an initial strong thrust along the x-direction, which has the effect of changing the semi-major axis. In the case of projected circular maneuvers presented here, the importance of phase angle discussed earlier provides more support for this astrodynamical interpretation, since the choice of 0o is effectively a choice of when to enact the strongest control thrust. If this strongest thrust is enacted at periapsis or apoapsis, the lack of radial thrust does not cause the controller to make greater demands on the propulsion system; u ....... and my,,e_ remain relatively low. But when the controller is required to begin at phase angles of 00 = 0°or 180°, the lack of radial thrust becomes more troublesome. 
APPENDIX

Theorem:
Let two satellites be moving along coplanar, concentric projected circular trajectories: xt(t) with projected radius r_. and x2(t) with projected radius r2. Let these two trajectories share a common formation origin with a common coordinate system defined by the formation orbit (i.e. the orbit of the leader satellite). If one of these two satellites is defined as a new formation origin, then the trajectory,
x*(t), of the other satellite about the first origin is also a projected circular trajectory inasmuch as the size of the tormation fits within the constraints of linearization, x,y,z << Rorbi t.
Proof."
The parametric equations, as adapted from Yeh and Sparks 8, for the linearized trajectory of a satellite following a projected circular path relative to a leader satellite are provided as Eqs. 12-15 in the body of this paper. Note that y(t) = _z(t) in these parametric equations. Furthermore, a positive sign on z(t) indicates counterclockwise movement as perceived from above the formation, and a negative sign indicates clockwise movement; the sign of z(t), once determined, will not change without considerable maneuvering.
Therefore, the underlined x(t) will denote the projected = 002-0o, where 0o2 and 0m are the phase angles of the respective satellites at some initial time, to.
Because 0o2 and 0o_ are defined as constants, q0 is also a constant in time.
Since the normed terms in Eq. A.I are the constant formation radii and the left-hand side of Eq.
